BACKGROUND: It is important to understand which components of successful multifaceted interventions are responsible for study outcomes, since some components may be more important contributors to the intervention effect than others. OBJECTIVE: We conducted a mediation analysis to determine which of seven factors had the greatest effect on change in systolic blood pressure (BP) after 6 months in a trial to improve hypertension control. DESIGN: The study was a preplanned secondary analysis of a cluster-randomized clinical trial. Eight clinics in an integrated health system were randomized to provide usual care to their patients (n=222), and eight were randomized to provide a telemonitoring intervention (n=228). PARTICIPANTS: Four hundred three of 450 trial participants completing the 6-month follow-up visit were included. INTERVENTIONS: Intervention group participants received home BP telemonitors and transmitted measurements to pharmacists, who adjusted medications and provided advice to improve adherence to medications and lifestyle modification via telephone visits. MAIN MEASURES: Path analytic models estimated indirect effects of the seven potential mediators of intervention effect (defined as the difference between the intervention and usual care groups in change in systolic BP from baseline to 6 months). The potential mediators were change in home BP monitor use, number of BP medication classes, adherence to BP medications, physical activity, salt intake, alcohol use, and weight. KEY RESULTS: The difference in change in systolic BP was 11.3 mmHg. The multivariable mediation model explained 47 % (5.3 mmHg) of the intervention effect. Nearly all of this was mediated by two factors: an increase in medication treatment intensity (24 %) and increased home BP monitor use (19 %). The other five factors were not significant mediators, although medication adherence and salt intake improved more in the intervention group than in the usual care group. CONCLUSIONS: Most of the explained intervention effect was attributable to the combination of self-monitoring and medication intensification. High adherence at baseline and the relatively low intensity of resources directed toward lifestyle change may explain why these factors did not contribute to the improvement in BP.
INTRODUCTION
High blood pressure (BP) is the largest contributor to all-cause and cardiovascular mortality in the United States. 1 For this reason, recent national initiatives have focused on methods to improve care for the half of individuals with hypertension who do not have BP controlled to recommended levels. [2] [3] [4] Although many types of interventions to improve BP control have been tested over the last several decades, the most potent methods involve a reorganization of clinical practice to include nurses or pharmacists in a team-based approach to hypertension care. [5] [6] [7] [8] [9] Home BP monitoring has also been found to be a useful adjunct to team-based care for hypertension. 10 We have reported the main results of a cluster-randomized trial that compared usual care to an intervention combining home BP telemonitoring and pharmacist management. 11 At 6 months of follow-up, 72 % of participants in the intervention group had achieved BP control, compared with 45 % in the usual care group (p<0.001). The intervention group also had greater lowering of systolic BP (SBP) by 11.3 mmHg and diastolic BP (DBP) by 5.8 mmHg, and the improvement in BP persisted through 18 months of follow-up.
Potential mechanisms contributing to the better BP outcomes in the intervention group included greater medication intensification, improved adherence to pharmacologic treatment and lifestyle modification, and greater patient and pharmacist acceptance that BP was truly elevated as evidenced by home monitoring. Some components of multifaceted interventions may contribute more significantly to achieving the study outcomes than others. Understanding the key mediators of the intervention effect is important in implementing successful interventions, since ineffective components can be de-emphasized to direct more resources toward effective components. Therefore, we conducted a planned mediation analysis to determine the factors that were the largest contributors to the blood pressure improvements we observed in the trial.
METHODS

Design, Setting, and Patients
The study was a two-group cluster-randomized clinical trial conducted at HealthPartners Medical Group, a multispecialty practice in the Minneapolis-St. Paul metropolitan area that is part of an integrated health system. 12 All participants provided informed consent, and the study protocol was approved by the HealthPartners Institutional Review Board.
We used electronic data to identify and contact by mail and telephone 14,492 adult patients who had BP readings ≥140/ 90 mmHg at their two most recent primary care encounters within the previous year. Study participants were further required to have uncontrolled BP (>140/90 mmHg or >130/ 80 mmHg if diabetes or kidney disease was present) 13 based on the average of three automated measurements taken in the research clinic using a standardized protocol. 12 Medical exclusion criteria included stage 4 or 5 kidney disease or an albumin-to-creatinine ratio >700 mg/g creatinine; acute coronary syndrome, coronary revascularization, or stroke within the past 3 months; known secondary causes of hypertension; pregnancy; and New York Heart Association class III or IV heart failure or known left ventricular ejection fraction <30 %. Of 2020 patients who were screened for the study, 450 were eligible and agreed to participate.
Among the 21 HealthPartners primary care clinics in 2009, 16 had a medication therapy management (MTM) pharmacist on-site at least once weekly.
14 At these clinics there was a clinical practice agreement between pharmacists and primary care physicians that allowed pharmacists to prescribe and change antihypertensive therapy within specified parameters. The 16 study clinics were randomly assigned to either the Telemonitoring Intervention (TI, n=8) or Usual Care (UC, n=8) groups. Four doctoral pharmacists worked in TI clinics. Patients were linked to their clinic by self-report and assigned a treatment accordingly. All consenting patients and pharmacists were blinded before randomization, but were informed of their treatment assignment post-randomization.
Interventions
Intervention patients received home monitors (A&D Medical UA-767PC automatic oscillometric BP monitor; A&D Engineering, Inc., San Jose, CA, USA) that stored and transmitted BP data to a secure website via a modem (AMC Health, New York, NY, USA). Pharmacists met with patients for a 1-hour in-person visit during which they reviewed the patient's relevant history, covered general teaching points about hypertension, and instructed patients on the use of the home BP telemonitor system and the individualized home BP goal (i.e., <135/85, or <125/75 mmHg for patients with diabetes or kidney disease). 15, 16 Patients were instructed to transmit at least six BP measurements weekly (three in the morning and three in the evening). During the first 6 months of intervention, which is the time period covered in these analyses, patients and pharmacists met every 2 weeks via phone until BP control was sustained for 6 weeks, and the frequency was then reduced to monthly. During intervention months 7-12, phone visits occurred every 2 months. After 12 months, patients returned the telemonitors, returned to their primary physicians' care, and received no pharmacist support. A previous analysis had found that patients sent at least six BP measurements per week 73 % of the time during the first 6 months of the intervention and that 88 % of expected phone visits were conducted. 17 During phone visits, pharmacists emphasized lifestyle changes and medication adherence. They assessed and adjusted antihypertensive drug therapy based on an algorithm using the percentage of home BP readings meeting goal. 12 Generally, if at least 75 % of readings since the last visit met the BP goal, no medication changes were suggested. If fewer than 75 % of readings met goal, the algorithm recommended treatment intensification. Regardless of BP control, if patients experienced adverse effects, the drug dosage could be lowered or the drug changed. Following each visit, pharmacists communicated with patients' primary care teams through the electronic medical record.
During the study period, Usual Care patients worked with their primary care physicians as usual. This could include referral to an MTM pharmacist for consultation (1-2 visits without telephone follow-up or prolonged monitoring) and conventional home BP measurement.
Measures
Baseline characteristics were gathered through measurements (weight, BP) and a survey (demographics, potential mediators) at the baseline clinic visit. All measurements were repeated at the 6-month clinic visit. At each visit, BP was computed as the mean of three measurements using a standardized technique with an automatic oscillometric monitor (A&D Medical UA-767PC). The primary outcome for the mediation analysis was change in SBP between the baseline and 6-month clinic visits. We defined intervention effect as the difference between the intervention and usual care groups in change in systolic BP from baseline to 6 months.
A total of seven potential mediator variables were selected a priori on the basis of prior research and plausible mechanistic pathway: home BP monitor use, number of BP medication classes, patient-reported adherence to BP medications, physical activity, salt intake, alcohol use, and weight change. 6, 10, 13, 18 Use of a home BP monitor was coded as follows: 0 = Bnone,^1 = "less than once per er month,^2 = Ba few times per month,^and 3 = Bonce a week or more.^BP medication class counts were gathered using medication inventories at baseline and follow-up, and ranged from 0 to 6. Self-reported adherence to BP medications was calculated as the sum of four items indicating non-adherence, and could range from 0 (good adherence) to 4 (poor adherence). 19 Physical activity was coded as the number of times per week over the past 4 weeks that a respondent engaged in either moderate physical activity for 30 min or more or vigorous physical activity for 20 min or more (range 0-14). Salt intake was measured as the sum of two items: the frequency of adding salt to food after it was served and the frequency of adding salt during food preparation (range 0-6). Response categories for these items were 0 = Brarely,^1 = Bseveral times per week,^2 = Babout once a day,^and 3 = Bwith almost all meals.Â lcohol use was measured as the number of alcoholic drinks consumed each week, with codes of 0 = Bnone,^1 = B2-3,^2 = B4-6,^3 = B7-12, and^4 = B>12.^Weight was measured in pounds at both visits. The categorical coding of home BP monitor use, medication adherence, salt intake, and alcohol use reflected the response options used in the surveys.
In order to capture both newly added medication and dose changes, we conducted a sensitivity analysis using defined daily dose (DDD) instead of the BP medication class count. Each medication was converted to a DDD based on methods developed by the World Health Organization. 20, 21 Treatment intensity for each participant at each medication inventory time point was calculated as the sum of the DDD for all antihypertensive medications (range 0-13.2 at baseline).
The seven potential mediator variables were measured again at 6 months using the same scale for each item. Mediators used in the analysis are all expressed as a change score from baseline to the 6-month measurement. For example, a patient not using a home BP monitor at baseline (score = 0) but who was doing so a few times a month at the 6-month visit (score = 2) would have a mediator change score of 2 − 0 = 2. Change scores for all other mediators were computed in the same way. Negative change scores represented improved adherence to BP medications (possible range −4 to 4), reduced salt intake (possible range −6 to 6), reduced alcohol intake (possible range −4 to 4), and reduced weight. Positive change scores represent increased home BP monitor use (possible range −3 to 3), increased number of BP medication classes prescribed (actual range −2 to 4), increased DDD (actual range −4.0 to 7.3), and increased physical activity (possible range −14 to 14). The change scores were used for the analysis due to existing differences at baseline in some of the mediators.
Statistical Analysis
Baseline measurements are described using percentages, means, and standard deviations. Baseline differences by study treatment group were examined in contingency tables and tested using Pearson's χ 2 or independent samples t tests. Path analytic models [22] [23] [24] were used to test single-mediator models, in which a binary indicator for study treatment group predicted a potential mediator change score (path a) and the mediator change score predicted change in SBP (path b, Fig. 1a ). The product of paths (ab) represents the specific indirect effect for a mediator, and is referred to as the mediated effect. The total unmediated effect of the intervention is path c (Fig. 1b , when no mediators are included in the model), in this case the between-group differences in change in SBP from the baseline clinic visit to the 6-month clinic visit, which was 11.3 mmHg. The study treatment group indicator predicted change in SBP not explained by the mediated path ab is path c'. The proportion of the total effect of the intervention due to mediating effects is computed as (c-c')/c. A path analytic multiplemediation model utilized all seven potential mediators, each with a path from the study treatment group variable to the mediator (paths a 1-7 ) and from the mediator to change in SBP (paths b 1-7 ) (Fig. 2) .
Path analytic models were estimated using Mplus v7 24 with full information maximum likelihood estimation to obtain regression coefficients, standard errors, and specific indirect effects (mediated effects) representing the product of the a·b path coefficients and their standard errors. Mediation by a specific variable was deemed significant when its specific indirect effect (ab) was significant at p<0.05.
RESULTS
The analytic sample consists of 403 (206 TI, 197 UC) of the 450 trial participants who completed the 6-month research clinic visit. At entry, the mean age was 61 years, 43 % of the participants were female, and 83 % were non-Hispanic white ( Table 1) . Half of the participants had a 4-year college degree, and 41 % were working full-time. The mean BP was 148/ 85 mmHg. About half (46 %) of the participants had used a home BP monitor in the past year, and the mean number of BP medication classes was 1.5. Self-reported medication adherence was high, with 67 % reporting good adherence. Participants reported moderate or vigorous-intensity physical activity 3.9 times per week, one-third added salt daily to food served at the table or food they prepared, and 21 % consumed seven or more alcoholic beverages per week. Most baseline characteristics were balanced between treatment groups; however, TI group participants used home BP monitoring more frequently than UC group participants (25 % weekly or more for TI vs. 13 % for UC, p=0.02), and they had a higher mean count of antihypertensive medication classes (1.7 TI vs. 1.4 UC, p=0.03). The mean (SD) reduction in SBP from baseline to the 6-month visit was −21.6 (15.9) mmHg in TI patients and −10.3 (16.7) in UC patients (p<0.001). Thus, the total effect of the intervention on change in SBP (path c) without mediating effects was −11.3 (1.62) mm Hg. Table 1 also shows the calculated mean scores at baseline for home BP monitor use, medication adherence, salt intake, and alcohol use.
At the 6-month follow-up, the TI group had significantly larger increases than the UC group in home BP monitor use score, number of antihypertensive drug classes, and adherence to BP medications, and they added salt to food less often ( Table 2) . Physical activity, alcohol use, and weight change did not differ between TI and UC groups.
Among the seven mediators tested, change in home BP monitor use and change in count of BP medication classes had statistically significant mediated effects (path a·b) in single-and multiple-mediator models (Table 3) . For example, in the single-mediator model, the intervention group was associated with a 0.50 unit increase in the count of BP medication classes from baseline to follow-up. Each unit increase in BP medication classes was associated with a reduction of 5.64 mmHg SBP, and the mediated effect (a·b) of the intervention was to reduce SBP by 2.83 mmHg through the increased number of BP medication classes. The mediated effect of the intervention through medication intensification accounted for 25.0 % of the total effect of the intervention on change in SBP. In the multiple-mediator model, the mediated effect (a·b) of the intervention was to reduce SBP by 2.67 mmHg through the increased number of BP medication classes. Similarly, the intervention group was associated with a 1.44-unit increase in the home BP monitor use variable from baseline to followup. Each unit increase in the home BP monitor use variable was associated with a reduction of 1.47 mmHg SBP, and the mediated effect (a·b) of the intervention was to reduce SBP by 2.12 mmHg through the increased use of home BP monitoring. The mediated effect of the intervention through these two variables accounted for 42.3 % of the total effect of the intervention on change in SBP. Change in patient-reported adherence to BP medications, physical activity, salt intake, alcohol use, and weight did not have significant mediating effects (specific indirect effects, a·b) on change in SBP, even though medication adherence and salt intake improved in the intervention group (path a). When the five non-significant mediating paths were added, the mediated effect through all seven variables accounted for 46.6 % (5.3 mmHg) of the total 11.3 mmHg effect of the intervention on change in SBP, while 53.4 % (6 mmHg) of the intervention effect remained unexplained by the mediators we examined. In the sensitivity analysis using defined daily dose (DDD) in place of the count of BP medication classes, the mean DDD at baseline was 2.3 (SD=2.36) in the intervention group and 1.8 (SD=2.01) in usual care (p=0.05). The mean DDD change between baseline and 6 months was +1.20 (SD=1.67) in intervention and +0.32 (SD=1.22) in usual care (p<0.001). The mediated effect for DDD was slightly smaller than the mediated effect for BP medication classes in both the single-mediator model (a·b=2.44 mmHg for DDD, a·b=2.83 mmHg for BP medication class count) and multiple-mediator model (a·b=2.30 mmHg for DDD, a·b=2.67 mmHg for BP medication class count).
DISCUSSION
The analyses described above account for almost half (47 %) of the difference in SBP between the TI and UC groups in this multifaceted interventional study. Specifically, the increase in home BP monitoring and medication intensification were both significant mediators, and together accounted for nearly all (42 %) of the intervention effect explained by the potential mediators we examined. Even though the intervention appeared to improve self-reported medication adherence and salt intake, these factors contributed little to the intervention effect. Several other lifestyle factors (physical activity, alcohol use, and weight) were not affected by the intervention. and therefore did not have significant specific indirect effects.
Our results are quite similar to those reported by Ralston et al. in their analysis of mediation effects of another pharmacist-led intervention to improve BP using electronic messaging. 18, 25 That study likewise found that increased frequency of home BP monitoring, interactions with pharmacists, and medication intensification were mediators of the improved blood pressure control observed in the intervention group, while adherence and lifestyle changes were not. It is not surprising that both studies found that increased selfmonitoring and medication intensification were the major mediators of the intervention effect, since these were key components of the intervention. In the present study, all participants in the intervention group were given a home BP telemonitor, and 94 % reported using a monitor at the 6-month follow-up. 11 Although home BP monitor use was one of the factors that was imbalanced between the treatment groups at baseline, it was still fairly common in the usual care group, and continued at a steady level during follow-up. Weekly home BP monitor use in the usual care group was 13 % at baseline and 16 % at 6 months, while in the intervention group it was 25 % at baseline and 87 % at 6 months. Although the highest response category in the survey was measuring home BP once or more per week, it is likely that Proportion of total effect due to mediated effect (c-c')/c
Single-mediator models using mediator change scores from baseline to 6 months Home BP monitor use 1.44*** (0 the weekly frequency of self-monitoring among home BP monitor users was much higher in the intervention group, given that adherence to the protocol recommendation to transmit at least six BP readings per week was high. 17 Participants in the intervention group also reported greater ease in integrating home BP monitoring into their weekly routine.
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In addition, it is almost certain that such monitoring in the intervention group was more likely to have resulted in treatment changes, given participants' frequent contact with pharmacists who were charged with acting upon elevated BP measurements. A recent meta-analysis found that home BP monitoring interventions with additional support were more effective in lowering BP than monitoring without additional support. 10 It was not possible to measure the effect of the improved feedback loop created by the intervention equally between the two groups, since the usual care group was not intentionally exposed to pharmacist management. In contrast, both groups continued to receive regular care from their primary care clinician and other providers, and the frequency of these contacts did not differ (unpublished data). Both groups had some increase in antihypertensive therapy during followup, but the increase was substantially greater in the intervention group, which was likely directly attributable to pharmacist-directed management. Although it might seem that DDD should be a more precise measure of treatment intensification, use of this measure did not improve the proportion of the intervention effect mediated by medication intensification. We speculate that this may have occurred because our intervention algorithm emphasized adding a new BP medication class over dose escalation for uncontrolled BP. 12 Improved medication adherence was an important intended component of the intervention, but self-reported adherence was already high at baseline. Preliminary analyses among the participants for whom pharmacy claims data were available at baseline showed that the proportion of days covered measure of adherence was >90 % in both the intervention and control groups (unpublished data). 26 Thus, the small contribution of improved adherence to SBP lowering might have been the result of a ceiling effect. Intervention components directed at adherence, including simplifying the medication regimen, attention to drug interactions, and responding to side effects, may have a greater effect on BP in populations with lower rates of adherence at baseline.
Although the lifestyle modification component of the intervention was enthusiastically embraced by the pharmacists, the study did not include resources for a robust behavioral intervention. Rather, interested participants were referred to existing diet, exercise, and weight management programs if they wanted more advice than was available from the pharmacists. The improved self-reported reduction in salt intake in the intervention group was encouraging, but may not have had a significant effect on BP, for several reasons. First, the selfreported reductions in salt intake in the intervention group may have simply reflected a greater awareness of the effect of dietary sodium on BP in this group compared to the usual care group, and we did not conduct any confirmatory measures of urinary sodium excretion. Second, any actual reduction in sodium intake may not have been enough to affect BP. Finally, our questionnaire asked only about salt added to food during cooking or after cooking, and the sodium content of processed foods accounts for about 75 % of dietary sodium intake. 27 Strengths of this analysis include prospectively collected data on a variety of mediators with a potentially large effect on BP in the context of a randomized trial. However, some limitations of our analysis must be kept in mind. Outcomes data on SBP were missing for about 10 % of the study population, who did not attend the 6-month research clinic visit. Several of the potential mediator variables (home BP monitor use, medication adherence, salt intake, and alcohol use) were measured with categorical questionnaire responses that were difficult to translate to clinically interpretable change scores and may not have had an equal impact on SBP across the range of possible change scores. For example, for the responses to the salt intake questions, the effect on SBP of a one-point change from 5 to 4 might have been different from a change from 2 to 1. As pharmacy claims data were not available for many of the participants, we used a relatively crude measure of self-reported adherence in these analyses. All of the lifestyle measures except weight were self-reported, which may have made it more difficult to discern intervention and mediation effects. Finally, the assumptions for linear regression and path analytic extensions (linear additive effects, independent, homoscedastic, and normal residuals, no omitted influences, normally distributed a·b terms, accurate measurement) are unlikely to have been met completely. 22 
CONCLUSIONS
About half of the intervention effect in this multifaceted trial to improve hypertension control was attributable to the combination of self-monitoring and medication intensification. This reinforces the importance of combining these two factors in successful management of uncontrolled hypertension. High medication adherence at baseline, measurement error, and the relatively low intensity of resources directed toward lifestyle change may explain why these factors did not contribute significantly to the improvement in BP. This information should be useful in the design of future interventions and implementation of similar interventions in clinical practice.
